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ABSTRACT 


Three  low  density  pnosphate  ester  fluid  candidates.  ML0-7O-32,  MLO-7G- 
62  and  rfijD-71-37,  were  characterized  as  to  their  physical  a«J  cheat ca-  pro¬ 
perties.  MLO-71-37  which  exhibited  the  co.it  acceptable  characteristics 
was  further  evaluated  for  its  reactions  in  simulated  functional  ar.c 
sysfea  environments.  MLO-71-37  was  found  to  possess  the  most  satisfactory 
overall  properties  and  exhibited  potential  operational  capability  ever  a 
tewse rature  ranee  of  -65  to  275  F.  All  three  candidate  fluids  displayed 
a  sensitivity  to  elastomeric  materials,  with  specific  manufacturer  and 
ccss>ound  designations  required  for  satisfactory  performance. 
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INTRODUCTION 


Tertiary  phosphate  esters  (Fig.  1}  have  found  wide  usage  as  fire- 
resistant  hydraulic  fluids  in  ca-r.ercial  aircraft  and  the!"  ground  suppe  r 
equipment.  These  materials  have  not  been  widely  used  in  current  operatic: 
uilitary  aircraft  and  support  equipment  because  of  incompatibility  with 
currently  used  HIL-H- 5606(C)  hydraulic  fluid,  elastomers,  paints  and  elec 
trieai  insulation.  Their  lia*ted  high  tesperature  capability  of  +22S°F 
also  prevents  their  use  in  most  of  the  newer  military  aircraft.  General 
characteristics  of  the  tertiary  phosphate  esters  are  well  known  and  have 
been  covered  in  great  detail  in  the  literature  (1)(2).  A  recent  advance 
in  the  state-of-the-art  within  this  area  has  be  n  vhs  development  of  the 
so  called,  r'Low  Den  si  ty  Phosphate  Esters'*.  These  low  density  phosphate 
esters  have  found  wide  acceptance  and  usage  in  hydraulic  systems  of  cocne 
cial  aircraft.  The  exact  chemical  co^ositioc  of  these  Ion  density  phos¬ 
phate  esters  is  proprietary  knowledge  of  their  producers  (of  which  there 
are  several),  however,  they  are  probably  primarily  trialkyl  phosphate 
esters.  These  low  density  phosphate  esters  have  better  low  temperature 
properties ,  somewhat  lower  densities  and  are  significantly  lower  in  cost 
than  the  previously  used  alkyl-aryl  phosphate  esters.  Fire  resistance  of 
the  low  density  phosphate  esters  is  good  but  soaewhat  lower  than  that  of 
the  alkyl-aryl  phosphate  esters.  Phosphate  ester  hydraulic  fluids  are 
covered  under  Boeing  Aircraft  Cess>any  Material  %>ecl fication  P.MS-3I1-C 


lydraulic  Fluid,  Fire  Resistant 


lis  specification  is  used  by  incus! 


and  the  commercial  airlines.  It  covers  three  fluid  types ■  Type  III  dea 


with  the  low  density  phosphate  esters. 
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TABLE  I 


Low  Density  Phosphate  Esters 
Thermal  Stability  Tests 
(Per  MIL-H-27601*) 

6  Hours  at  350°F 


MLO-71-37 

MLO-70-62 

MLO-70-32 

Viscosity  @  100°F,  (cs) 

Original 

9.93 

10.  IS 

11.19 

After  Exposure 

9.94 

10.46 

11.24 

Increase  % 

0.1 

2.6 

0.4 

Neutralization  No.  mgKOH/gm 

Original 

0.02 

0.02 

0.04 

After  Exposure 

0.06 

0.07 

0.05 

Increase  % 

0.04 

0.05 

0.01 

Appearance  After  Exposure 

Clear 

Little 

Change 

Unchanged 

Corrosion  Specimen  Weight 

Changes,  mg/  sq .  cm 

M-10  Steel 

0.00 

0.04 

0.00 

Bronze 

0.00 

0.04 

0.01 

52100  Steel 

0.00 

0.04 

0.01 

*  Except  for  temperature  change  as  noted. 
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TABLE  IT 


Thermal  Stability  Test  of  MLO-71-37 
(Per  MIL-H-27601)  (1) 


6  Hours  @ 

350°, 

400°, 

450°,  and 

at 

o 

o 

a 

Hj 

Temperature 

Viscosity  ©  100°F  cs 
Original 

After  Exposure 
Increase  % 

350°F 

9.93 

9.94 

0.1 

400°F 

9.93 

10.31 

3.8 

450°F 

9.93 

11.2-9 

13.7 

500°  F 

9.93 

410 

4.028 

Neutrali2ation  No.  mgKOH/g 
Original 

After  Exposure 
Increase 

0.02 

0.06 

0.04 

0.02 

8.91 

8.89 

0.02 

19.93 

19.91 

0.02 

76.42 

76.40 

Appearance 

Afior  Exposure 

Clear 

Clear 

Blue  to 
Green, 
Clear 

Blue  to 

Dark  Brown 
Dark  Brown 
Precipitate 

Change  in  Weight  of 
mg/ sq.cm 

M-10  Steel 
Bronze 

52100  Steel 

Metals 

-0.00 

-0.00 

-0.00 

-0.00 

-0.02 

-0.00 

-0.01 
-0.02  (2) 
-2.38  (3) 

+0.01  (4) 
-0.46  (5) 
-5.1  (6) 

(1)  Except  for  temperature  changes  as  noted. 

(2)  Some  area  of  gray  discoloration. 

(3)  Etched:  gray  discoloration. 

(4)  Dark  amber  discoloration. 

(5)  Coppertone  discoloration. 

(6)  Corrosion,  etched,  white  gray  discoloration. 
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B.  Shear  Stability 

Shear  stability  of  the  low  density  phosphate  ester  hydraulic  fluids 
was  determined  by  the  Sonic  Shear  Method  as  specified  in  MIL-H-5606(C) 
(Table  III).  Two  of  the  phosphate  ester  fluids  (MLO-70-62-  and  MLO-71-37) 
exhibited  satisfactory  shear  resistance  (conformed  to  MIL-H-5606( 8) ) ; 
however,  the  other  phosphate  ester  fluid  (ML0-70-32)  had  much  poorer  shear 
resistance  and  failed  to  meet  MIL-H-5606(C)  requirements.  All  three  fluids 
however,  conform  to  MIL-H-83306  (USAF)  ir.  all  other  respects. 

C.  Lubricity 

Lubricity  of  the  low  density  phosphate  ester  fluids  was  determined  by 
the  Shell  Four- Ball  Wear  Test  Method.  The  results  of  the  tests,  shown  in 
Table  IV.  reveal  that  the  wear  characteristics  of  three  candidate  fluids 
are  within  the  requirements  of  specifications  MIL~H-5606(C)  and  MIL-H-83306 
(USAF).  Following  these  tests  a  more  extensive  low/temperature  wear  pro¬ 
file  was  conducted  with  fluid  MLO-71-37.  The  results  of  this  effort  are 
presented  in  Table  V.  Some  unusual  occurrences  were  noted  on  the  four-ball 
specimens  which  were  run  at  350°F  and  40  kilogram  loads.  There  was  an 
unusual  accumulation  of  a  very  viscous  soap- like  material  at  the  edge  of 
the  wear  scar,  as  shown  in  Figs.  2  and  3.  Infrared  spectrum  and  emission 
analysis  of  this  material  has  identified  it  as  an  iron  phosphate  formed  as 
a  decomposition  product  of  the  organic  phosphate  ester  fluid.  Also,  immed¬ 
iately  outside  of  the  wear  scars  are  areas  from  which  ball  material  has 
been  removed  (Figs.  4  and  5).  Although  the  exact  mechanism  of  this  metal 
removal  process  has  not  been  determined,  the  possibi lity  exists  that  it 
results  from  the  attack  of  acids  formed  from  fluid  d  . e. aded  in  the  high 
temperature  scar  areas. 
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Shear  Stability 

(Sonic  Shear  Per  MIL-H-5606B) 


Viscosity  @  130°F,  cs: 

a.  Before  Irradiation 

b.  After  Irradiation 
30  ml  fluid  for  5  min 

c .  %  Change 


Viscosity  @  -4G°F..  cs: 

a.  Before  Irradiation 

b.  After  Irradiation 
30  ml  fluid  for  5  min 

c .  %  Change 


Neutralization  No.  mgKOH/g 

a.  Before  Irradiation 

b.  After  Irradiation 

30  ml  sample  for  30  min 

c .  Change 


Reference 

Fluid 

MLO- 

71-37 

MLC- 

70-3:1 

10.16 

8.66 

6.79 

6.33 

7.07 

6.62 

-14.76 

-6.77 

-15.92 

385.9 

341.4 

414.2 

376.8 

319.2 

270.9 

-11.52 

-9.0 

-15.12* 

— 

0.02 

0.22 

0.04 

0.34 

— 

+0.20 

+0.30 

MLO- 

70-62 


7.16 

6.70 

-6.42 


303.4 

285.2 

-6.01 


0.02 

0.24 

+0.22 


*  Failed 


Shell  Four -Ball  Wear  Data 

(167°F,  600  rpm,  40  kg  Load,  2  Hours 

Using  52100  Steel  Balls) 


MLO-  Number  Fluid 


Average  Wear  Scar 
Diameter  (mm) 


Hydrolytic  Stability  Tests 

168  Hours  #  225°F 
MIL-H-5606(B)  Amendment  HI 

(0.87%  by  Weight  o i  Distilled  Water) 
(99.13%  by  Weight  of  OH  Sample) 


Tests  On  Hie  Paginal  Chi 


MLC-,;0-32  MLO-71-37  MLO-70-62 


Viscosity  ©  130°F,  cs 

7.64 

6.62 

6.76 

Neutralization  Mo.  mgKOB/g 

9.04 

0.06 

0.03 

Tests 

On  The 

Hydrolyzed 

Oil 

Viscosity  ©  130oF,  cs 

8  02 

7.01 

6.70 

Neutralization  No.  ragKOH/g 

9.01 

0.01 

0.03 

Evaporation  Loss,  % 

1.3 

2.4 

1.75 

Appearance  Af.er  Hydrolysis 

Olive  green 
No  Ppt- 

Greenish 

Blue/ 

No  Ppt. 

No  cliange 
No  Ppt. 

Increase  to  Viscosity,  % 

5.C 

5.9 

0.9 

Decrease  to  Neutralization 
mgKOH/g 

No. 

0.03 

0.05 

0.00 

Weight  Change  Of 

Metals,  mg/sq .  cm 

Magnesium 

+0.01  (1) 

0.01 

0.00 

Aluminum 

0.00 

0.00 

0.00 

Copper 

-0.04  (2) 

0.01  (4) 

0.02  (2) 

Cadmium 

0.00  (3) 

0.03 

0.01  (2) 

Steel 

0.00  (1) 

0.00 

0.00  (3) 

(1)  Brown  ^pots 

(2)  Moderate  Tarnish  -  2C 

(3)  Li^it  Bronze  and  Brown  Spots 

(4)  Moderate  Tarnish  -  2A 


Hydrolytic  Stability  Tests 

168  Hours  @  275°F 

(0.87%  by  Weight  of  Distilled  Water) 
(99.13%  by  Weight  of  Oil  Simple) 


Tests  On  The  Original  Oil 


Viscosity  @  130°F.  cs 
Neutralization,  No. ,  mgKOH/g 


MLQ-70-62  MLO-71-3? 

6.76  S.62 

0.03  0.06 


Tests  On  The  Hydrolyzed  Oil 


Viscosity  @  130°F,  cs  11.58  7.21 

Neutralization  Ne.^  rogKQH/g  25.29  0.01 

Evaporation.  T-oss  ffc  5.5  1.4 

Appearance  After  Hydrolysis  Dark  Brown  Light  Brown 

No  Ppt  No  Ppt 

Increase  In  Visocisty%  7.13  8-9 

Increase  In  Neutralization  No.,  25.26  0.05 


Weight  Change  Of  Metals  mg/sq. cm 


Magnesium 

Aluminum 

Copper 

Cadmium 

Steel 


4.91(1)  0.01 

0.00  0.00 

32.35(2)  0.04  (4) 

40.97(1)  0.02 

0.00  0.00 


(1)  Pitted  and  gray  discoloration. 

(2)  Etched,  pitted. 

(3)  Pitted. 

(4)  Moderate  tarnish  -  2B. 

(5)  Gray  discoloration. 

(6)  Moderate  Tarnish  -  2C. 

(7)  Light  brown  discoloration. 

(8)  Light  brown  discoloration  and  spots. 


MLO- 70-32 

7.64 

0.03 


8.41 
0.09 
3.4 
Brown 
No  Ppt 
10.1 
0.06 


*0.02  (5) 
0.00 

-0.13  (6) 
0.00  (7) 
0.00  (8) 
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Corrosion  and  Oxidation  Stability  Tests 
(Per  MI^E-5606J 
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D-  Hydrolytic,  Stability  Test 

The  hydrolytic  stability  of  the  three  low  density  phosphate  ester 
hydraulic  fluids  was  determined  by  evaluating  them  in  a  modified  oxidation 
corrosion  test.  The  test  method  and  procedures  of  MIL-H-5606(B)  were  used 
with  the  following  modifications: 

(a)  0.87%  by  weight  of  distilled  water  was  combined  with  99.13%  by 
weight  of  oil  sample: 

(b)  separate  tests  were  run  at  225°F  for  168  hours  and  at  275°F  for 
168  hours. 

All  three  of  the  low  density  phosphate  ester  hydraulic  fluids  dis¬ 
played  adequate  hydrolytic  stabilixy  at  225°F  (see  Table  VI).  However,  at 
27S°F,  one  of  the  low  density  phosphc te  ester  fluids  (MLO-70-62)  degraded 
severely  while  the  other  two  phosphate  ester  fluids  still  gave  satisfactory 
results  (Table  VII). 

E.  Oxidation  and  Corrosion  Stability 

The  corrosion  and  oxidation  stability  of  these  low  density  phosphate 
ester  hydraulic  fluids  was  determined  by  evaluation  using  the  Oxidation 
and  C jrrosion  test  specified  in  MIL-H-5606(B) .  Test  temperature  was  275°F. 

Two  of  the  low  density  phosphate  ester  hydraulic  fluids,  ML0-70-32 
and  ML0-71-37,  gave  satisfactory  results  while  the  MLO-70-62  low  density 
phosphate  ester  fluid  was  severely  degraded  (Table  VIII). 

F.  Viscosity 

The  viscosities  of  the  low  density  phosphate  ester  hydraulic  fluids 
were  measured  at  -65,  -40,  100  and  210°F  (Table  IX).  The  viscosities  of 
all  the  fluids  met  the  viscosity  requirements  of  MIL-H-83306  (USAF).  The 
low  density  phosphate  esters  have  excellent  low  temperature  viscosities 
equal  to  or  better  than  other  currently  used  aircraft  hydraulic  fluids- 
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G.  Volatilit 


The  volatility  of  the  low  density  phosphate  ester  MLO-71-37  was 
determined  by  the  Isoteniscope  Method.  Results  are  shown  in  Table  X. 

A  comparison  is  made  with  the  volatility  of  MIL-H- 5606(B) . 

H.  Fire  Resistance 

Assessment  of  the  fire  resistance  of  the  low  density  phosphate  esters 
was  not  the  purpose  of  this  project;  however,  a  few  typical  flammibility 
tests  were  made.  Test  results  are  shown  in  Table  XT. 

I.  Elastomer  Compatibility 

Elastomer  compatibility  was  investigated  with  ethylene  propylene  (ERP) 
"O'*  rings  immersed  in  the  low  density  phosphate  ester  fluids  at  275°F  for 
72  hours.  The  compatibility  of  the  low  density  phosphate  esters  with 
ethylene  propylene  elastomers  varies  greatly,  depending  upon  the  particular 
ethylene  propylene  elastomer  used.  Remits  rang  frees  satisfactory  to  dis¬ 
astrous  (Table  XII).  EPR  "O"  ring  B  completely  deter.-  &t-,d  in  all  three 
of  the  low  density  phosphate  ester  fluids  in  static  evaluation  tests  at 
275°F  with  low  density  phosphate  ester  MLO-70-62.  Manufacturer !s  data  on 
EPR  compound  A  show  satisfactory  compatibility  with  all  three  low  density 
phosphate  esver  candidate*  at  275°F,  as  shown  in  Table  XIII.  Consequently, 
from  these  elastomer- fluid  compatibility  studies,  O-ring  packings  of 
elastomer  compound  A  were  selected  for  dynamic  packing  tests  with  candi¬ 
date  fluid  MLO-71-37. 

J.  Dynamic  Packing  Tests 

Dynamic  packing  tests  were  conducted  with  candidate  fluid  MLO-71-37 
and  O-rings  packings  of  EPR  compound  A,  according  to  the  procedures  set 
forth  in  Military  Specification  MIL-P-25732B,  paragraphs  4.6.6  and  4. 6, 7.1, 
with  modifications  to  permit  elevated  temperatures  and  changes  in  fluid 


Fire  Resistance 
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IZXIjSj  ,w. 


Rubber  Compatibility 
72  Hours  H  275l>f 
(£fes&  MLO-70-82) 


%  Swell 


EPK  “O'  Ring  A 


17.29 


EPR  M0,J  Ring 


125,3 


Durometer  Hardness 
Before  Test 
After  Test 


Elongation  (inches) 
Before  Test 
After  Test 


Gross  Elastomer 
Degradation  -  No 
Evaluation  Possible 


Tensile  Strength  (psi) 
Before  Test 
After  Test 


Condition  of  MLO-  70-62  Fluid 


Viscosity  @  100°F  cs 
Before  Test 
After  Test 
Increase  % 

Neu'  alization  No.  mgKOfT/g 
Before  Test 
After  Test 
Increase 


10.19 

10.44 

2.4 


0.02 

0.16 

0.14 


10.19 

10.99 

7.8 


0.03 

0.08 

0.05 


Rubber  Compatibility 
EPR  ,:0!f  Ring  a' 
72  Hours  §  275°F 


Ter.sii 


Fluid 

Swell 

% 

Strength 

(psi) 

Hardness 
Shore  "A” 

M?.-£>-71-37 

+is 

1886 

70 

MLO-70-62 

+14 

1925 

70 

MLO-70-32 

+13 

1829 

72 

Original  "O" 
Ring  Properties 


1925 


80 


and  elastomer  types.  The  results  of  tests  at  275,  300  and  350°F  are  pre¬ 
sented  in  Table  XIV.  Although  packing  tests  results  were  satisfactory  at 
300°F,  fluid  degradation  at  this  temperature  liaits  systems  use  to  275°F, 

K.  Hydraulic  Pump  Circuit 

The  ultiaate  judgment  of  a  hydraulic  fluid  candidate  must  be  made  on 
its  ability  to  properly  function  in  the  enviroraent  of  an  aircraft  hydrau¬ 
lic  system.  Consequently,  from  its  performance  in  the  chemical  and 
physicaL  bench  tests,  low  density  phosphate  ester  candidate  MLO-71-37 
was  selected  for  evaluation  in  the  hydraulic  pump  circuit. 

The  hydraulic  ptap  circuit,  shown  schematically  in  Fig.  6,  has  demon¬ 
strated  the  ability  to  simulate  the  physical  ( thermal  and  mechanical 
stresses)  and  chemical  (materials)  environment  of  aircraft  hydraulic  sys¬ 
tems  with  controlled  operating  parameters. 

The  aircraft  t;pe  hydraulic  pump,  a  high  temperature  check  valve  design, 
was  retrofitted  with  new  elastomeric  components  made  from  EPR  compound  A. 

Fluid  evaluations  were  made  at  temperatures  of  275,  300,  and  350°F  for 
periods  of  50  hours,  or  until  either  the  puap  or  fluid  ejdsibited  signs  of 
degradation  or  failure.  Operating  conditions  for  these  evaluations  are 
shown  in  Table  XV. 

Operational  problems  were  few  and  of  little  significance.  The  275°F 
test  was  interr»q>ted  at  15  hours  due  to  a  power  outage.  This  test  was 
terminated  at  32.5  hours  due  to  fluid  loss  from  an  instrument  line  failure. 
This  termination  was  not  considered  significant  since  there  were  no  signs 
of  fluid  or  pump  degradation.  The  3C0°F  fluid  evaluation  was  interrupted 
at  16.2  hours  due  to  a  pump  drive  control  malfunction. 

Fluid  property  changes  exhibited  by  the  low  density  phosphate  ester 
fluid  MLO-71-37  during  the  three  hydraulic  pump  circuit  tests  are  shown 
in  Tables  XVI,  XVII  and  XVIII. 
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TABLE  XIV 


Dynamic  Packing  Test  Results 

FLUID:  MLO-71-37 
PACKING:  Elastomer  Compound  ,!A" 


275°F  Test 

Leakage  (ml) 

1 

3.0 

All  Packings  Excellent 

2 

5.8 

?F  ft  ft 

3 

6.5 

ft  ft  ft 

4 

8.0 

ft  ft  ft 

5 

8.5 

Very  slight  nibbling  on 
drag  ring  O.D. 

6 

Endurance 

Packing  failed  at  78,  OOC  cycles. 
Total  leakage  38.0  ml  at 

66, 000  cycles. 

300°F 

1 

6.0 

Al1  Packings  Excellent 

2 

6.0 

ft  ft  tt 

3 

3.0 

Very  slight  nibbling  & 
scuffing  on  drag  ring. 

4 

5.5 

All  Packings  Excellent 

5 

6.5 

!t  tt  ft 

6 

Endurance 

Packing  failed  at  57, 100  cycles 
Total  leakage  34.0  ml  at 

36, 000  cycles. 

350°F 

1 

Failed 

Rod  &  cylinder  packing 

2 

Failed 

failed  from  combined  rolling, 

3 

Failed 

nibbling  &  cutting.  Condition 

Test  series 

terminated 

very  bad . 

Evaluations  conducted  to  MIL-P-25732B  with  modifications  for  elevated 
temperatures  &  specimens. 


TABLE  XV 


Operating  *Jata 
For 

Hv^olic  Pump  Circuit 
MT  O  7i-37  at  275°,  300°,  and  350  F 


Nominal  Fluid  Temperature 

Op 

275 

300 

350 

Duration  of  Experiment 

hrs 

32.5 

50.0 

13.1 

Nominal  Pump  Speed 

rpm 

3750 

3750 

3750 

Pump  Flow  Rate 

Maximum  Flow 

Minimum  Flow 

gpm 

8.39 

0.96 

8.49 

1.02 

8.29 

1.24 

Shear  Cycles 

5065 

7925 

2080 

Pump  Discharge  Pressure 
Maximum  Flow 

Minimum  Flow 

psig 

2681 

2950 

2637 

2992 

2624 

3020 

Inlet  Filter  P  at  max  flow 
Initial 

Final 

psig 

16 

20 

17 

15 

15 

15 

Temperatures 

Pump  Case 

Pump  Inlet 

Pump  Discharge 

After  Throttling  Valve 
Chamber  Atmosphere 

°F 

253 

258 

272 

278 

88 

271 

281 

295 

302 

98 

315 

333 

345 

351 

90 

Leakage,  Shaft  Seal 

ml 

75 

42 

30 

Remaining  Initial  Fluid 

% 

30.4 

82.9 

87.4 
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table  XVI 


MLO-71-37  Property  History 
275°F  Hydraulic  Pump  Circuit  Test 


3 

Sample  Viscosity(l) 


Time 

Hrs 

cs 

100°F 

210°F 

New 

10.26 

3.27 

0 

9.73 

3.1? 

2 

9.50 

3.12 

4 

9.36 

3.01 

6 

9.22 

2.95 

8 

9.17 

2.93 

10 

9.04 

2.88 

15 

8.76 

2.81 

25 

8.14 

2.76 

32.b 

9.25 

2.98 

Flash(2) 

Point 

°F 

Fire(2) 

Point 

°F 

Acid(3) 

No. 

mgKOH/gm 

330 

370 

0.08 

310 

380 

0.10 

335 

385 

0.10 

325 

380 

0.14 

330 

360 

0.15 

310 

380 

0.17 

350 

375 

0.14 

330 

370 

0.15 

305 

375 

0.16 

335 

370 

0.21 

(1)  A  STM  Method  D445 

(2)  A  STM  Method  D92 

(3)  ASTM  Method  D974 


Insolubles 


None 
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MLO-71-37  Property  History 
300°F  Hydraulic  Pump  Circuit  Test 


Simple 

Time 

Hrs 

Viscosity(l) 

cs 

100°F  210°F 

FIash(2) 

Point 

°F 

Fire (2) 

Point 

°F 

Acid(3) 

No. 

mgKOH/gm 

0 

9.34 

2.97 

355 

370 

0.12 

2 

9.30 

2.95 

340 

375 

0.13 

4 

9.20 

2.96 

325 

380 

0.15 

6 

9.23 

2.90 

330 

380 

0.16 

8 

9.18 

2.87 

325 

385 

0.17 

10 

8.91 

2.84 

345 

390 

0.19 

16.2 

9.31 

2.97 

350 

390 

0.11 

16.2 

9.24 

2.95 

350 

385 

0.16 

25 

8.63 

2.88 

335 

380 

0.32 

50 

8.63 

2.71 

355 

385 

8.22 

Insolubles 


None 


Trace 


(1)  A  STM  Metiiod  D445 

(2)  ASTM  Method  D92 

(3)  ASTM  Method  D974 


29 


I . . . . . .  . . .  tf  . . . . . . » . . If* . * . . . I . . . . . ?! 


MLO-71-37  Property  History 
350°F  Hydraulic  Pump  Circuit  Test 


Sample- 

Time 

Hrs 

Viscosity(l) 

cs 

100°F  210°F 

0 

9.16 

2.85 

2 

9.20 

2.91 

4 

9.29 

2.93 

6 

9.45 

2.95 

8 

9.69 

3.07 

10 

10.00 

3.17 

13.1 

9.89 

3.14 

Flash(2) 

Point 

°F 

Fire(2) 

Point 

Op 

Acid(3) 

No. 

mgKOH/gm 

Insolubles 

340 

380 

1.10 

330 

375 

10.18 

315 

365 

8.66 

310 

365 

11.76 

Trace 

325 

360 

19.17 

Trace 

345 

350 

21.88 

Trace 

325 

375 

16.01 

Trace 

(1)  ASTM  Method  D445 

(2)  ASTM  Method  D92 

(3)  ASTM  Method  D974 


Drain 


nBscspfe*i:*.  It 

_ -j-a— »  «Mt «t  €S8B9B#Gtt*  *• 

n«d  «*»*«<«  ^-*^a  «’*  «*  "  ^ 

_ ^  tfee  -.-d  |;>i*"; t  tza*  tJte  VO 

~  -ft*  in.  «*■  «““*  ^ 

.  -  _»— *  t«l»»  te  40 

rtcti*  cftw-  r«*  *»*  cl**f  ^ 


. . 


However,  after  the  350°F  test,  pump  elements  exhibited  signs  of  gross  wear 
from  lubrication  failure  to  the  point  that  a  pump  overhaul  would  be  required 
to  restore  it  to  operating  condition.  The  primary  areas  of  wear  were  the 
copper  alloy  piston  heads  and  thrust  bearing,  which  exhibxted  degradation 
severe  enough  to  render  them  unserviceable.  (The  degree  of  wear,  as  indi¬ 
cated  by  element  weight  loss  for  various  pump  parts,  is  presented  in  Table 
XIX.)  Although  the  pump  was  in  excellent  condition,  the  incipient  fluid 
degradation  at  the  end  of  the  300°F  test  limits  the  use  of  the  candidate 
fluid  to  a  maximum  temperature  of  275°F. 


. . . . . . . . ill . . . . ina'tul . . . . . . !i;i:!;ill  . . .  . . . . . Mlttki 


SECTION  IV 


CONCLUSIONS 

The  three  low  density  phosphate  ester  fluids  evaluated  were  suitable 
for  use  under  Military  Specification  MIL-H-83306  (1KAF)  Hydraulic  Fluid, 
Fire  Resistant,  Phosphate  Ester  Base;  and  Boeing  Aircraft  Cotspany  Material 
Specification  EMS-311-C  Hydraulic  Fluid,  Fire  Resistant.  These  specifica¬ 
tions  cover  operational  ranges  of  -65  to  +225°F  and  -65  to  +225/250PF, 
respectively.  There  are,  however,  significant  differences  in  the  physical 
and  chemical  characteristics  of  the  candidate  fluids.  The  low  density 
phosphate  ester  ML0-70-32,  exhibited  greater  susceptibility  to  shearing 
action  than  the  other  two  fluids  (ML0-70-32  failed  the  shear  resistant 
requirement  of  MIL-H-5606(B) ) .  The  low  density  phosphate  ester  ML0-70-62 
was  hydrolytically  and  oxidatively  unstable  and  corrosive  to  metals  at 
27&F,  whereas  the  other  two  fluids,  ML0-70-32  and  MLO-71-37,  were  satis¬ 
factory. 

The  low  density  phosphate  ester  with  the  best  overall  properties,  as 
determined  by  the  chemical  tests,  exhibited  very  good  characteristics  in 
simulated  hydraulic  pump  and  actuator  systems  to  275°F.  This  temperature 
limit  was  established  by  incipient  fluid  degradation  at  300°F  in  the  hy¬ 
draulic  pump  circuit  at  50  test  hours. 

The  low  density  phosphate  ester,  MLO-71-37,  which  had  shown  the  best 
overall  properties  in  this  evaluation,  exhibited  potential  operational 
capability  over  the  -65  to  275°F  temperature  range.  Extreme  care  is  re¬ 
quired  in  the  selection  of  elastomeric  materials  for  use  with  the  low 
density  phosphate  ester  fluids.  The  use  of  properly  specified  elastomers 
must  be  complied  with  for  satisfactory  results. 
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